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Different  methodologies  are  being  developed,  such  as  imaging,  spectroscopy  and 
electrochemistry, to study neurochemical dynamics in cell cultures or in intact brain [1-2]. One of 
these techniques involves the  in-situ  detection of biologically active molecules, including nitric 
oxide (NO) [3], glucose [4], glutamate (GLUT) [5-6] and lactate [1,7], in brain extracellular fluid 
(ECF),  using implanted  microsensors  and biosensors.  NO is  a  water-soluble  free  radical  that 
readily diffuses through membranes and its actions in the CNS are largely studied. While low 
concentrations  of  NO  modulate  normal  synaptic  transmission,  excess  levels  of  NO  may  be 
neurotoxic.  The  constant-potential  oxidation  of  NO  occurs  on  Nafion  poly-ortho-
phenylenediamine (PPD)-coated carbon fibers at +865 mV vs Ag/AgCl reference electrode (RE) 
with  good  selectivity  against  electrochemically  oxidizable  anions  [3].  When  direct 
electrochemical oxidation is not possible under standard experimental conditions, a biosensor may 
then be used instead. Glucose, for example, is oxidized by the enzyme glucose oxidase (GOx), an 
oxidoreductase  with  a  covalently-linked  flavin  adenine  dinucleotide  (FAD)  cofactor.  The 
reconversion  of  FADH2 to  FAD produces  H2O2 in  the  presence  of  O2.  The  application  of  a 
potential of +700mV to a platinum (Pt) working electrode, relative to a RE, causes the generation 
of  a  measurable  current  that  is  proportional  to  the  H2O2 produced.  The  high  specificity  and 
stability of GOx makes this enzyme suitable for biosensor construction when immobilized on the 
surface of Pt electrodes  with PPD [4].  The substitution of the GOx with glutamate or lactate 
oxydases,  and  the  modification  of  biosensor  design,  allow  to  detect,  respectively,  glutamate 
[1,2,5-6,8-10]  and  lactate  [1,7],  normally  present  in  the  ECF.  While  glucose  and  lactate  are 
involved in the neural energetic metabolism, glutamate (GLUT), is considered the most common 
excitatory  neurotransmitter  in  the  brain.  The  long  term  potentiation  in  the  glutamatergic 
transmission,  indeed,  determines  an  increasing  of  GLUT  and  NO  concentrations  in  the 
extracellular compartment with excitotoxic effects. 
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Therefore,  measuring  real-time  chemical  events  in  the  living  brain,  however,  is  an  extreme 
technical  challenge,  even  in  animal  models,  and  involves  many  biocompatibility  issues  [1]. 
Unfortunately,  the  remarkable  specificity  of  enzyme-based  amperometric  biosensors  can  be 
seriously undermined by interference from electroactive species present in the target medium, 
compromising  the  selectivity  of  the  device.  This  problem  is  particularly  pronounced  for 
microsensors  and biosensors implanted in biological  tissues for real-time monitoring,  because 
separation techniques cannot be exploited to eliminate  the interferences.  Despite this  negative 
aspect, considerable efforts have been made over the past two decades to overcome interference in 
sensors signals. PPD is a widely used permselective polymer in the construction of biosensors for 
a  range  analytes  and  can  be  deposited  electrochemically  from  o-phenylenediamine  (oPD) 
solutions at neutral pH to produce a thin self-sealing insulating polymer on the electrode surface 
[1-10]. Film thickness estimations for PPD generated under these conditions are typically in the 
region of 10-35 nm [1]. As well as possessing excellent interference rejection characteristics, PPD 
also serves as a method of immobilising enzymes and protects the electrode surface from enzyme 
proteases and fouling, making it ideal for microsensor/biosensor applications in vivo [1,7]. The in  
vitro characterization of PPD-based sensors involves not only sensitivity e selectivity studies, but 
also  biosensor  oxygen  dependence  [8-10]  and  aging  processes  before  [10]  and  after  in  vivo 
implantation [1-7].
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